G-protein-coupled receptor (GPCR) kinase phosphorylation and beta-arrestin recruitment regulate the constitutive signaling activity of the human cytomegalovirus US28 GPCR.
Phosphorylation of G-protein-coupled receptors (GPCRs) by GRKs and subsequent recruitment of beta-arrestins to agonist-occupied receptors serves to terminate or attenuate signaling by blocking G-proteins from further interaction with the receptors. Human cytomegalovirus encodes a GPCR termed US28 that is homologous to the human chemokine family of GPCRs but differs from the cellular receptors in that it maintains high constitutive activity in the absence of agonist. Although US28 is constitutively active, mechanisms that regulate this activity are unknown. We provide evidence that US28 is constitutively phosphorylated by GRKs in cells and that in consequence, beta-arrestin 2 is localized to the plasma membrane. Deletion of the carboxyl terminal 40 amino acids in US28 generates a receptor that is severely impaired in its ability to become phosphorylated and recruit beta-arrestin and accordingly demonstrates increased inositol phosphate signaling. This result indicates that the carboxyl terminus of US28 contains an important signaling regulatory region and mutational analysis deleting carboxyl terminal serines identified serine 323 as a critical residue within this region. In addition, overexpression of wild type GRK5 leads to hyperphosphorylation of US28 that results in a decrease of inositol phosphate accumulation. These results are consistent with the hypothesis that GRK phosphorylation and recruitment of beta-arrestin to the US28 viral GPCR attenuates signaling to the traditional Galphaq-stimulated inositol phosphate pathway. Finally, in contrast to the results with inositol phosphate signaling, we provide evidence that the US28 carboxyl-terminal phosphorylation sites and beta-arrestin-interacting domain are required for maximal activation of the p38 mitogen-activated protein kinase. Taken together, these results indicate that US28 interacts with these important regulatory proteins to control multiple aspects of signal transmission. Understanding the regulation of viral GPCRs by GRKs and beta-arrestins will provide important new insights into not only aspects of viral pathogenesis but also basic mechanisms of receptor signaling.